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SPATIAL- VEUKITY CORRELATrON 
VOCUSrSG IN rrMJE^OF-FUGlIT MASS 
SPECTROMETRY 

C310SS-REFERENCE TO DELATED 5 
APPLTOOTONS 

Tills appIicanoQ is a coDtinuatioG of XJS. patcat applica- 
tioa Scr. No. 08/327,618, filed Oct 24, 1994, now XJSrPsX. 
Na 5:504326, which issued Apr. 2, 1996, 

FIELD OF THE INVENTION 

The picscat iaveation relates to instrmncntatioa for pro- 
vidmg molecular mass spectral inf oaaadon using timc-of- 
fiighl: measurement nscthods, «nd mocc ^wdficalty to «ii i5 
j|)p3racus md method for iir^»oving fhc resoludon of sudi 
iiistmxncDtadon by simnltaneoosfy tcdadag tkc effect of 
both the initial spadal Add iaidal velodtjr distribudoas of the 
iojttizcd iGolecdcs. 

20 

B ACKiCaiOUND OF THE INVENHON 

InstrumeatatioQ foe paf onning timeof-flight <TOF) mass 
spectral analysis to determine the mass of an ionized mol- 
ecule hfis been known for several iiccadcs. By measuring the 
vclodcy (v) of an ion having a known Idnetic energy (KE), ^ 
its XMss (m) can be dctcnnincd via the well known ida- 
tioGship: 

A typical two-st<^ linear timo-of-fl^t mass spectrometer 
10 (TOFMS) shown in HG, 1 has three distinct n^ons. For 
gas phase sms^ souiccs, the gas dtadatcs ^^ithinic^lon 1 
of width dj: located betweca gdds (otpIatc$)C^ 12 aadGi 35 
16. V/ithin legioa I, kmi 24 sod 26 are prodacedJ&omthc 
san^Ie using, for cxangjlc* an dectroa beam cc a lascc Ions 
24 and 2^ arc ideally fonncd at a positiofl Xo and then 
accelerated to the same kinetic energy by dectric fidds Ei, 
generated within rtgion 1, and Ej, generated within x<^on ^ 
2, where region lis of width d^ and is located between pids 
(<r plaics) Gi 1^ and 18. Electric fidd Ej is adiicved in 
the direction shown in FIG- 1 to accdciatc positively 
diatgcd ions by 4?3plying apptopdatc voltage potcofials to 
^gtids(orplies)G^12andGiK.Sma^ 45 
£2 is «dde^iti thcdtocdoasboffin to<oodi^^ 
duttged ions tgr ^S^yvag tggcogcbBtc YolCi^ pot^&Is to 
^ ^ds (<»:|)iates) 16 tod G2 It diotdld b&iuited tiut 
dectric f dds and be tcvecsed ia d&csctiofi, by 

iq^plying vdtagc pot^als of ig|»ppdatc siagmtudes to 5Q 
grids (or plates) QqVI,Qi16 aad G^ IS, *o «ccderate 
acgativdy diarged Ions to Ae same Jdnetic energy in the 
dircctioB shown in FIG. L 

Within the fidd fi«c drift ttgi<m 2# of kngdj L, Ions wife 
diffejent mass to diarge ratios sq>aratc in s^acc and time. 55 
For example, if ion 24 lias mas s m^ and ion 26 has mass m^, 
wfaae is greater than m^, then ion 24 will rcadi dbe end 
22 of the drift regioa 20 before ion 26. A detccto 28 is 
typically located at the end 22 <rf the drift xc0.on 2# for 
ixxxKdii^theairivaIofioazsasafiiiK:do&oftimc.lli^ ^ 
<HffciCflce between Ibc start time;* ctansooa to tSL loos 
^coasted -^mSissL rqgioa 1, tbe aoxvai dnie» at 
detedx^ 2$, of t of lans futviog ti^ ««t»e loa^ 
fimctioa of ^msr mass to diatgexatio (mte), aod can there- 
fore be used to calculate fte mass of fte kffls, ^ 

an ion's flight time was strictly dcpOiAcst upon its 
ma5S^to-diargerafio,tiicTX)FMS TO any other TOFMS 
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instmment) would have ualimit&d resolutioo. In practice, 
however, an ion's tuae^f-flight adiiitioiiaiJy dqycnds upon 
space dissgc effects, inhomogencous electric Odds, t}ic 
finite frequency response of the detector 2S and associated 
5 signal ^occssing electronics, the tempocal spread of tiie 
ionizatioa so«rcc, tJic initiai distributi-on of ion velocities 
and the spatial spread of iocs wiltiin the source region 
(region. 1). These additioaal d;q>cadcDcics combitie to 
decrease resolution in- the TOFMS 10 by mcreasing the 
measured time width of the ion padcet that reaches the 
detector 28. 

Space chaise effects arc maiiifest in an increased velocity 
spread <iae to coulomHc n^mlsioQs or attracttoos between 
ions bM can bcrcduccd by using lowpowcr lasers or san^c 
j5 pressures, Otrcfal design and ccHistructioa of the accelera- 
tion grids G^-Kj^TcdsKXslhs effects cf fckigiflg fields, grid 
dcfonnation and dectric field punching thixxigh the grids. 
Using idgji-frcqiicocy P«isc countii^ tccfaciqucs can extend 
the rcsoMoa of the dctcction/agnal prcxxssing dcctrooics 
2Q into the picosecond rcgiinc and state-of-the-art picosecond 
laser sources can virtual^ dimtnafe the txssip<xal spiead of 
the laser ionization source as a significant facto in ion peak 
width. Thus, under normal operating conditions, resolution 
in the TOFMS 1^ is dominated by the initial vdodty and 
^ spatial distributioas. 

In Older to fadlitate an understanding <^ the effects <^ the 
initiai vdod^ and spatial <2stdbutioas on TOFMS 1^ 
rcsoluticHL, and of prior sUen^ at reducing these effects, 
reference is made to FIGS. 2-5, The structuial featoies of 
30 the linear TOFMS !♦ in FIGS. 2S arc identical to that of 
FtG, 1 and the same reference characters arc thcrcfotc used 
in the descriptkm of these FCGS- 

la HG, 2» an cxan:q>le Is shown wbctc two ions 30 and 32 
have identical masses (as shown by the relative sizes of dots 
35 3^ aind 32) and initial vdodties (as ^K)wni^ the inagnittide 
<^ the MXTcws octcnding thercfconi)^ but were displaced in 
space 1^ ionization- Specifically, i<Mi 30 b<^an its accdcra- 
tion toward the end 22 of the drift region 20 at a distance 
Xq^i from grid Qq 12 and ion 32 began at a distance Xo ^ 
40 from grid Go 12- This difference in staitiiigpositioas affects 
the fiigjit of the ioos 3# and 32 in two ways. First, since ion 
30 travels a sh<Hta distance tfarougji the dectric field E^^ it 
receives less of a boost in feinctic energy (KE) disc to dectric 
I5.dd Acodcration than does ion 32. In view of c<|u«tioQ (1). 
45 ion 3^ will thaefoce liave less vdodty ttam ion 32 ispoR 
aniv:aI«tgddGi H Seocmd, due to statting poscdons 
^y-a&d ioa 52 bas « gcetter totd distance lo tcavd 
than does ion 30* Bodi vdodty and toCal distance traveled 
Ihercfoce infioence litsc of fii^ of cadi ion. Thtis, 
50 althoc^ ioQS 30 JUtd 32 baveidcatical masses ideally 
should therefore rcadi the end 22 of the drift r^<Hi 20 
simifitancousiy, a finite time differential may exist between 
thdr detectioa by detector 28 (not ^own in FI(5. 2), ttjercby 
increa^ng the measured tiioe width (and deoea^g rcsohi- 
55 tioii in &e TOFMS 10) of this particular ion dgnaL 

In FIG, 3, an cxarE^Ie is showu where two ions 34 and 36 
have identical masses and bcgjji their accdctatioG toward 
the end 22 <rflhc drift region 20 at the same distance Xofictm 
^dGo 12, but have diffcieitf inidal vdodties as shown by 
^ ^e magnitudes <^ tlic mows extending thcre&CHn. Si&cc 
boti ions 34 itnd 36 cxpcdcace the same aoodecstiofl in 
dectckfiddsEt and E^, the total Ydodty <^ ioa 36 ^ 
Biwsys be jester dutn &st of 4t»3 34 and it VfSi txccfm 
teadi &e esid 22of &e ddftipgk)a 20 befdrelon 34. As 
65 the inxdal i^adal differential examine shown m FIG. 2, a 
diffciencc in total ycioaty between ions 34 and 36, in this 
case due to differctit initial vcloc^cs, lesnlts in a variation 
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in measured time of flight xrxl decreased 7X)PMS 10 
resolution, of tltis paraca]^ ion signal. 

In the TOFMS 10 of FIGS 1-3, ions arc f<xxQcd from a 
gas phase saiuplc drctiiaJ^Qg within region 1, typically by 
dcctrou iiDpACt iomzatioa or laser induced ioaizatioii. Ions ^ 
so formed have a spshsl <iistnbution thai is in<icpcndcat of 
ttidr vdodty xlistriixition. In coatrast, ioos can also be 
prodnccd in the source rc^oa (region 1) ofTOHMS 1^ from, ' 
iflvolatik molecules, i<x, fcosc that rcnLaiu oq a surface unffl 
being (fcsotbcd iflto the gas phase by laser iiradiation, 
partidc bomfoardmcat or similar means. DcsoqjCion may 
produce Jicutral mdecidcs {ucutrals) foe later kmizadoa in 
the gss p^iasc, and/or may pitxlacc gas phase ions dinccdy 
from the s«i^c smf acc The instnit of dnsc to at wldch 
dtfKTdcsocbcdBcattils arc <x>a voted into io^ i^ 
fidd cCr altcmalivdy, tfic Instant <rf' time at wfikfa dcsorfxsd 
ions arc acccictsUcd toward a detector by a poised decide 
fidd {hcrdnaftcrrcfctied to as an ion drawout dcctric fidd), 
provides the sCartiflg point foriDcasudng i<Mi tmics to 
Ac dctectoc la cither case, tbc spatial and vclodty 4istnr 20 
butions of ions at (q arc rdecrcd to as the initial ^ptatial and 
vdoc&y distributioas, FoBowing the drawotit of ions by 
dthcr technique, ion fiight throtjgfa a TOFMS, such as 
TOFMS 1^. occore in the sarac manner as des<i2>ed vnth 
ie^>cct to HG, L 25 

Refccdng now to FIG, 4, a sample 14 is deposited onto 
grid (o-plate) U of TOFMS 1« for dcs<Hptioa of iocs 
therefrom. With this appcoadi, initial ion vdodty distribu- 
tion is a pcindpal contribtitor to mass spectral peak bcxjad- 
cfling. When ions arc dcsost>cd^omzcd from such a saL£i:q>le ^ 
14, their vdodty distribcrtion, as shown by arrows 38 and 
40, is typically wider than those observed with gas phase 
sauries. This is because 0f the cneigy required to indacc tbc 
dc^portiotu aad xc&dts ia fiuthcr broadeaing cf the smss 
spectral pcais aad cc?acj?)0oding tedacti<Ki ia TOFMS 10 
xcsoIutioiL 

Over thcpast several decades, many tedmiques have been 
dcvdoped to increase mass resolution in the TOFMS by 
compcnsaling for the initial variations in ion vdodty and ^ 
posidoa, IVo aotcworthy cxana^les arc the space focusing 
technique disdoscd in IIS Pat No, 2,685,035 Co Wlcy and 
in Timc-cf-FUght Muss Sp€ctrom4tt€r mth improved 
Resi^iOhtuWdc^.W. C and McLaren,! IL, Rev, ScL htstz. 
^ 1150 (195^ aad the devdcjjmeat of a lefltedroa 
TOI^as<fisdoscdia2IrtfiltofrR^^cfi^ 
f$uxgttc^ TJmc^^g^ Mass Spectromttcr f^irsfif fi?^. 

andZa|?iik,V,A-,Sov*Kiys,JErP37,45<1573), ^ 

Using the ipaxxfiDCosmgtodimqae^aacqoati^ 50 
distances <^the vatioos icgloas ia tibtcTOEMS (D^ aikt the 
ion fii£^t thoe is deavcd The dmc of fligjbt (KH^ is a 
iimcdoa of toe ionV soass to diaigc xatio (m^z), ImMal 
position (Xo) and initial vdodty (Vo), the total stictig^ of 
the various dcctric fidds cstabli^ed within the TOFMS 55 
(EJ, In ctfaa words. 



Thcpatt2aidedva6vc<^cqiiatioa(2)l£tak£flwithies$>^ « 

set equal to zero aad solved for This ledmique 
xcsaite Jq fin^ a «et of gdd voltages diaC cstil)Ush the 
ncccssajy dectric fidds for minfmiTing the effect of thc_ 
MxaTvaxiatioas in ion poddoo. AIQioagh ^ cotollaiy 
*Vdodty focasmg** cannot be in^cincah?d {ijt^ a set cf ^5 
pradical electric fidds that yidd the icsoit 3TOfi^<y=0 
cannot be found), "WBey end Md>rca further attcffi^Jted to 
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correct for the miliai velocity distabuGoa by providing a 
time delay between the formation and acceleration of the 
ions {called time lag foaiSLngJ. They notcd^ however, that 
their initial spatial and vciocity distributions are 
5 independent, and that tuGoe lag focusing necessarily violaXcs 
space focusing conditions. Thus, depending on wiiich dis- 
tribution contributes more to mass ^)ec<rai peak broadening, 
' -they concluded that time lag focusing may improve spec- 
trometer resolution id some cases^ but in other cases it will 
10 have a. dcfocusing effect 

la the rcflcctrofl TOFMS, an ion mirror is placed in the 
fligjit path of the ioa packets. If the rtmror dcctxodc^ voltages 
are arranged igjptcpdatdy, the peak width contributioa from 
the infffaf velocity distdbutiofl can be sigmficantiy reduced 
15 at the plane of the dctcctcx. 1^ opcratioa, the structural 
anangcmcaC of the rcflcctron TOFMS requires ions jxo- 
dacod with large vdoddcs to travel grcato: ifistances than 
tiidr slower countopaits, leading to narrowed tcmpocti 
profiles at the detected Such an instiunicnt, however, is 
20 significaatly more con^licatcd than a linear TOFMS and 
sffl stiffcrs firom fee initial ion spatial distribution discussed 
above. 

In recent years, the fcsmalion of ions witiiin a typical 
TOFMS has been routindy accoiq>lished by direct desoq>- 

25 tion from a sang)le surface as previously disaisscd. Lasers 
rang^g in wavelength frcan the f ar-X7V to the far-IR have 
been used vdtti a variety of ocganic ai>d inorganic matfrinTs 
to generate ions fee analysis by mass spectromctiy, leading 
to the dcvel<^mcnt and comracrdal availability of the laser 

30 microprobc mass analyzer (LAMMA) and the laser ioniza- 
tion mass analyzer (UMAX Although widespread in use, 
these instmmcnts were somewhat limited. Only atoms or 
mc4cctiles bdow a particular azc could be des<ibcd cither 
as intact ions or as intact neutrals that could be subsequently 

35 ionized in the gas phase. In the last few years, howevec, the 
ability to produce gas phase ions of large btomolectdes and 
polymers was developed using a technique known as matrix- 
assisted laser desosption/ionization (MALDI), In addition to 
laser dcsoiptioa^ cdicr ion fcsmalion techniques arc known, 

40 sudi as fast atom bombardment (FAB), plasma dcsoqjtion 
(PD) and the desoapdon of secondary i<His fiom surfaces 
using primaiy ions in the kcV energy region. The latter has 
led to the development of the secoadaiy ion mass spectrom- 
eter ^IMS> 

45 ThereccatpG|HJlaxi^of MAU)Ifiaslcdto1heixiod^ 
calioa of ItX^iS 1# ifK>wfi Is EEGL 5. 
peak hcoadgsdng is. bcficffod to be doninatrd by the Imtiail ' 
ioii vdoclty <(i^dbotiofi In desocpdoo^^ 
reseatdKTs lutve attainted to xtdboc Its 

50 iofl drift eaeigics. In what will herciBaftcr be rcf coed to as 
*%3Ktxticmal MALDI techniqae**^ ions gctKxatcd vn&m 
ze^oa 1 are accelerated to high vdodties (to reduce ^e 
effect <£ jmtM km vdlodty distribution on total vdodty 
within the drift t€0on) and then allowed to travel through 

55 the drift r^oa 2$ of increased length to a detects 110 
located at the end 22 <^ the drift region Thus, alfeough 
**velocr(y focusing" per sc caimot be perfumed, the effects 
of initial ion vdodty distr&ution on mass spectral peak 
broadening can be reduced by udng high drift vdodties, 

<o This j^ipcoadixc^iktsonl^ 4 single iKxdcrati^ 

schematic of sadi m ia^om^ H is sbown is FLO. 5 

mod the ddft le^g^ 2^ is extended to Icngdi L*. 
Rc^oxUess of the i(»i foonaliofi method, cadi of ihc 
€5 f<»:egomg tcdtniqtses aad iostrumcizts is used wi& fime-of- 
fligfit anafysis in generating mass spectx&. Thus, all suffer 
from the resduttoa limiting factcffs Sscussc^ above. 
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TJicrrforc, what is needed is a simple and effective technique 
for ci liter cihmnRLing or drasDcaliy reducing tfie effects of 
these <^stnbQti{xis in a llDcarTOFKlS in order to to Idctc^sc 
mass spectral rtsotution in sadi &n imtcumcnt 

SUMMARY OF THE INVENTION ^ 

Tbc psxsect tflventioa provides a solutioE to the foregoing 
problems -and shortcomings of the prior art tcdiniqiics foe 
iRCxc&smg the mass resoluCioa of a tinje-of-fli^t 'mass 
^>cclromcfccf, iq 

AccoiTding to one aspect of the present invcntiotL, a 
method of spsilsl-ydocity coaxhSioa focusing in a timo- 
of-flight mass spcctxcmckx to minimize the effects of dis- 
tributions in initial ioaposidofl and initial ion vdodty on the 
ion mass resolution of the spoctromctcr is ptovidcd, Tbc 15 
spectrometer has a first region for Joying an ion acceler- 
ating field to accelentc ions of vanoos mass to chaige ratios 
gcnerstcd from a san^e source <!isposcd within &c first 
rc^on and an ion detector nctnote £r<M3i Itic first region. Ihe 
method composes tbc stqjs of (1) <Sctcmuniag a 20 
tion f<x (he timc-of-fligjit of the ions generated vdttda. the 
first pcgion to the detectoc The first equation depends upon 
the internal geometry of the spectrometer and is a function 
of a set of ^>ectDomctcr variables indading ion accclaalion 
field strtngis, distance between the generated ions and the 2s 
detector, ion mass^ initial posMon of the ions generated 
wifhin the first region, initial ydodty of the ions generated 
within the first region and the tirac delay between the 
generation <rf ioas within the first rc^on and application <^ 
the acceleration field for accelerating the iocs toward the 30 
detector, (2) dctcnnining a second cquatx<Hi relating initial 
ion position within the first rt^on to initial ion vdodty 
vniHn the first nc^on. The sccckkI cq^iation dqxaids upon 
&e locatiott of the san^jfc soozoc withiii Ifac first rt^on and 
£safaacdoacftheioage&eraticag«(H&£ficy,(3)sal^^ 35 
die second equation into 't£c first equation fo fonn a thirl 
equation f<»: the titne-of-^[igJit of ions from the first region o[ 
the spectrometer to dc detector. The third equation <ilmi- 
natcs one of the initiai ioo posttioo and the initial ion 
vclodly as a varxafalc thereof, and (4) dctcnrmung die 40 
optimtan set <^ variables finom the third cquatioa so that the 
time fprcad in the tm^f-Ss^t of geaccatcd ions of any 
particular mass to diatgciatio to the detector is minimized, 
wherein fn?mm??ang the tunc qpicad in the tiige-of-fiig^ cf 
^geaeratcdioQsto&edetectorcf aii^pardcalarinass to 45 
duogc ratios restdts in mhthT^Tit^ die effects the 
inidal ioa positkm dtstdbct^ JUil 
<xjbatlon <m ^ioa BUSS jcsohitioa <3f ^ ^ectc^^ 
Accoi<£sg to another tspect«f (be preseirtii^ « 

ftmtvnf-fifgftf mass «pflCfrMngfgr fynp^f^) f<y tnfnfmtrfng 50 

the effect OG &CTOFMS mass icsototioa c^<£[$tzitHidoas in 
initial posidon and initial vdocity of ions generated mthin 
the ipcctroiactef is prtmdeiTheTOFMS om^xises a first 
grid connected to a first potential fiooroc for Mpj^ying « ^nt 
potential thereto, a second gridjaxt(5K56cd\wdttiie first 55 
the first and second grids defining a first region 
thcrx^x:twccn, the second grid being connected to a second 
potential source for tip^yhig a second potential tibicrcto, a 
sampk sootcedisposed within the firstrcgioa for generating 
ioasofvanoa$2siassto<:&a^xxti<>stibcn:£cm 60 
rc^oawhea^sttg^eaoqrociscxdtedhy extern 

MM Tdocity SsbSSMon ^ffiddn dte £cst xc^m^ Jmd ^ 
InMai position of eadi of Melons is « fbncdoiiof dielnhial 
vt^odty of <hcic^>cctrvcioG,andiiicfflttsfor<letx^^ 65 
ions generated widiin the first ncg^on, tiie rocans for detect- 
ing being disposed remote from the second grid- The first 



and sccoad potcnti^ ^ appHcd to the first and second 
^ds rcspcdively at a j^ed^tcnniacd tiii>c ato the ions arc 
rcncraicd wito the fixsi region to csUblish a first ciccmc 
field of appcopriate dircdioD for accclcr:atiBg the i^f J^^^j;^ 

5 the ineans for detecting- Ttc rcUtivc strengths of 

and second potentials aiid the prcdetennuicd tunc at which 
they aie applied to the grids arc diosen so that the tunc 
spread in the timc of flight of ioas of atiy particular mass to ^ 
charce ratio generated within^thc first region to the means te 

10 detecting is irmiimi2cd,tba^sii^ 

the effect oa thcTOFMS mass rcsdution of the distribudons 
in iiiitiai position and initial vdodty o£ the ions generated 
within the first rcgjon. 
AcoHdiag to a further aspect ^ the present invcotiofl, a 

15 system f« minimizing the effect of distra>utions in initial 
ion position and initial vdod^ o tt the mass icsolutio n ^ a 
timc^f -fli^t mass spectrometer (TOFMS) h provided. The 
system conqiriscs aTOFMS having a sample sowrcc dis- 
used wthin a san^lc region and an Ion detector dt^>^ 

20 rprcdctcnmncddistaaccfixjmthcsamplcfiou^ 

ccncratiQg ions of various mass to diarge ratios from 
sample source, wbcrciii the generated ions have an imhal 
rSxi distribution and an initial velocity di^l)i^on 
^thin the sample region, and the initial position of cadi of 

25 the ions geiKMtcd within the san^jle region is a fim^^^ 
the mitial velocity of the respective ion, means for estab- 
lishing an electric field within the sample rt^on of the 
TOFMS the electric fiad accelerating Ac genoated loas 
toward the ion detector, and means responsive to the ion 

30 genoralingincansfcKtdggmflgtfaeclcctricfiddestablisl^^ 
means to establish the electric field a predetermined tone 
sfta: generating the ions. The strcngfe of the clcctnc field 
and &c prcdctcnnincd time period arc chosen so th^ 

tinie spcawi in the tiinc of fii^t of gcaxate^ 
35 particuiar mass to charge ratio to the means foe dct^iiig IS 
Slnmii2)cd,thcrtby sirnultancoaslyminhmzing the effect 
thcTOFMS msss resolutiott of tiie distributions m imtial 
position and initial velocity d the generated ions. 

It is one object of the present invention to provide a 
^ mediod for simultaneously TninfmiTing the effect of initial 
ion spatial distributions and initial i<Mi vdodty distributions 
on the mass resdudon of a timc-of^fligjit mass spcctromcta: 

E is another object <rf the jHcscnt invention to provide a 
system for simotoicously minimiTing fee <^cct of imttal 
i^sp^distnl>a(i<»isaiKliiutMionvcIod^ 
<mfe^n^icsdntiottofatimo-of-fiifijte 

Tbx^ and other objects <rf tfw pics«it imwirtioa v21 
bcaHi»mocci^)paiwrtfiomthcfofl0^ 
^ pief erred embodiment 

BRIEF DESaOPnON OF THE DRAWJNCiS 

FIG lisasdicmaticdiagtamofatypicaltwo-stagelinear 
tinKX)f-^t mass spcctcomc«cr (TCHMS) of fiKi pri^ 

HG 2 is a sdicmatic dia^am<rf the TOFMS <rfHai 
illnstraring the effect on flight time <rfa spatial distribution 

in the gcaccatcd ions. ^ 
HG 3 is a schematic digram (^thcTOFMS of HGl 

. iUostrating the effect on fii^ time of a velocity distribution 
^ in the generated ions, 

HG. 4 is a sdi«aatic diagram <rf &CTOFMS of Ha 1 

iHflsttadng fee effect oo ion fl^ tin» <rf * vdo^ 
bafiofl in ioas gOKiatcd fixHn a sa^^ 
FKi S is a sAtanatic di^3»ni of * laodm 
6S FK5.4Bhistotingaknovmtcdini^f<M:i«^^ 

of a vdoc^ distribotioa in ions generated fix>m a sang>le 
stiifacc on TOFMS mass resolution. 
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FIG- 6 is a cross-soctiocal <lUgrajniB^tic Olustration of a 
In accordance with the fvcscni invention 

FIG- 7 is a schcm^c diagram of tiic ion f<x7natioG pomon 
of the TOFMS of HG. <5 showing the rcktionship between ^ 
initial ioQ position and inidfll ion vclodty. 

FIG. 8 is a schematic <Jiagraniof the ioa fonnatioa portion 
of a TOFMS having an alternate ioo gcncxating geometry^ ^ ^ 

FIG, 9 is a schematic diagram of the ion focmatioa portion * 
erf a TOFMS having aootheraltcraatc ion generating gcoin- 

ctry. 

FIG, 14 is * block dtagnumnatic illustration <rf a system 
for pcrfonniiig spatial-vclodty coacUtioa focusing with a 
linear TOFMS in accof<laiicc with the present mvcatioit 

HG. U is * flow diart of a mcdiod foe dctamining 15 
sg3m-\dodtyc<xrdsd<m focusing ooiKlid<His f<x use with 
a linear TOFMS in accordance with the present invention. 

FIG. 12is an cxpcdmcatal MALDI-TOF mass g)cctnim 
<^Insdin obtained uangtraditioaalMAIX>Itcdm^^ ^ 

FIG. 13 is «n experimental MALDI-TOF mass ^>ectnini 
d Cytodiromc-< obtained using traditiooal MALDI tech- 
niques, 

FIG 14 is an experimental MAUDI-TOFmass spcctnmi 
of LysozymcobtaiiKrd using tr»didoaalMALX)Itcdimqucs, ^ 

HG- 15 is an experimental MAIDI-TOF mass ^>cctrum 

<rf liypsinogen obtained using tradidonal MALDI tcdi- 

niqucs, 

HG, 1^ is an experimental MALDI-TOF mass spcctcum 
of Insulin obtained using spadal-vclodty conndatiofl focus- 30 
ing conditioos in accocdance with the present invention. 

Ha 17 is an cxpcomkcntal MAIX>I-TOF mass qxictrum 
d qytochiomcHC obtained using spadal-vciodty ccHidado n 
focusing con<fidons in acocxdancc with the preset^ invcn- 
don, . . ^ ^ 

FIG. IS is an cxpcrimcntai MALDI-TOF mass q)ectrtmi 
of Lysozymc obtained using spatial-vdodty cocreladon 
focusing conditions in accordance with the present inven- 
tion, 40 

FIQ. 19 is an experimental MALDI-TOF mass spectruni 
o[ liypsinogea obtained udng ^>adai-velodty ccMrdadon 
focusing condidoas in acccxdancc with the present inven- 
tion, 

DESOOPnON OF THE PREFERRED ^ 
BMBODIMEOT ^^7:^,:,, 

Foe Ibc pcapoecs of pcomodng aa untostaa^ng ^-ibc 

the ca^bodimcnt illastnttcd in the drawings and specific 50 
language vM be used to &sscdbc the same. It will acvcr- 
tfadcss be undcTs^ tfaitf no limitadon d the scc5>e of die 
iflvcnd<m is dicn*y inftaidcd, such aitoadons and fiz^ 

modificadons in the illustrated device, and sadi forther 
^Ecadonsofthepdttdyplesoftfaeinvend<Miasiiiustrated 55 
therein bcii^ contcnqflatcd as would notmaUy occur to one 
skilled in the art to ^s4uch the inv«idon relates, 

Ref«iiag now to HG, 6, a timcKrf-fli^t luass spcctrom- 
etcr {TOFMS) W fo€ spadal-vaodQr coac3ad<ai focusing 
inaccoidanccviiththcpreseatiiiveadoa is shown in cross- €0 
section. As will be laow fefify cj^Oaittcd Jkx^^ 
sources 122 ai«l 124, «nd voltage pidscr 128 «^ 
widi ^?cdSiC tindng and magnftndrs, dqpcoding <m tlic 
intcmdgecmjctiy of dicTOfMS l«#aftdd!ciong<ai«^^ 
gcomctiy. to simuStanoously mininuzse the effccfc of the 65 
initial position distribution and initial ydcdty <fistribatton 
of the genciatcd ions <m the mass lesoludon of the TOFMS, 
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la a preferred embodiment pow<3' sources 122, 124,^ 126^ 
and 129 are DC high voltage power supplies. Alternatively, 
supplies 122, 124. 12^. and 129 may supj^y dme depcDdenl 
voltages that opdmaiiy inodify the spatisl and velocity 
. distributions <^ the ioQS bcf<H:c aj^cation <^ the output 
from voltage puiscr m. Careful sclc<:lion of these and o& 
TOFMS parameters significantiy reduces the mass spectral 
peak bcoadcning due to the two distributions. 

Voltage plate 1«2 aad voltage grid 106 .-re airangcd in a 
juxt4x>scd relationship and define a first region 108 thcr- 
cbetwceiLRcgioa 148 has length and cofltains the samf^c 

source m AMiougJi sasnplc source 164 is iiioWQ as being 
located widik a groove of voltage plate 102 so that 6c 
surface of the san^lc source 1#4 is oocxtcadvc with the 
^ surface <rf plate 102, the picscat invcntioa contcn^latcs 
locatiBgsan)pIcsourcclWatavad<^<^iocatiooswitei 
rcgjon 1#8 as will be subsequently c^laincd with reference 
to FIGS. 7-9. 

In a p^fcrcd ccibodimcnt, sanipic sotffcc 104 is a 
^ stainless stcd surface with the sample dq)odted thcrcoiL 
Altcniativety,san^le source 144 may be a conductive jnctal 

grid, * diclcctiic surface with or without a thin nv^alli^ 
coating or a comparable structure having an <Mificc through 

whidi sang)4e mokcuies flow. 

25 In a prcfencd embodiment, voltage plate 102 is a flat, 
higjhly ccHiductivc, lactaiiic plate having a groove toougji 
the center of its surface fw receiving the san^le source 104, 
Voltage gdd 113 is juxtaposed with voltage grid 106 and a 
second region 110 of length d^ is defined thercbctweco, A 

30 fli^t tube 112 is connected between voltage ^d 113 and 
grid 115, Flight tube 112 is constructed of a conducting 
nxatcdal, ^icaUy ahiminumi, and has a ciiannel 114 dis- 
posed thcrcttaough which defines an ion drift rc^ou of 
length L. Itm dctcctoc U6 is juxt^x>scd With the grid 115 <«e 

35 flidit tube 112 and a third re^oa of length dj is dc&scd 
between grid 115 and sorfsce 117 of detector n€. In a 
prrfeaed embodiment, detector n6 is a tandem microchan- 
nd plate array dctectcr. Supports 134 and 136 arc used to 
stabilize fii^t tube 112 and voltage plate 142 respectively 

40 within the TOFMS 104, and arc preferably made of 
Teflon^. In one embodiment, grids 146, 113 and 115 arc 
constructed of hi^ conductivity metal having slits or 
toes disposed therethrough so that ions may pass ferou^. 
In an alternative embodiment, grids 146, 113 and 115 

45 coa^aschi^condiK:tivityiiu:tamc0atcshavi^ 

hdc, cc a scacs of Iwics di^KKfod througji &c center, foe 

flllowkg ^ P«s^ <^ 100^ 
AfirrtDCpowcrioacxxs mis connected to 

m f cc «)5»jdt^ a pwfetcnnhicd IX: v<to 

50 thctcto and a second DC power fiotacc 124 is connected to 
voltage grid 146 for aipplyiflg another prcdctcai^cd DC 
voltage potcntifllV J thereto, AMiou^ Vo and V:^ be 
widdy varied, such as within the range cf kV f<x 
cxan^le, both plate 142 and ^ 146 arc typicaUy mam- 

55 tained it the same voltage, and in one embodiment, ^ 
voltage is 15 kV A fia:st vdtage pdscr 128 is connected to 
the first DC power sq)pfy 122 and also Ifarou^ a c^jadfea: 
Ci to voUagc plate 142 foe sup^ying a i^edcteoiuned 
duration voltage jhiIsc to plate 142 of a }»edetcnmj»d 

60 anM^dc. In apscfcrccdnwdc of operation, voltage poto 
128 st^ldks a v<rftagc pdsc to vctogc ^atc 142 so that 
the total vdtagc pccscirtat ptoc 142 Vj is dw sum<^&c DC 
voltage Yoand&cvott^pllIsc^^tile^*yc^^ 
electric fidd Ei of ppcdetannned fitraigth ^^n^ 

6S tc&oa 148 f<H: ^ duration cf the pulse. In an alternate 
ciribodimcnt the ou^t <rf voltage pdscr 128 may be used 
to diangc &e electric field that had previously been cstab- 
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ilshod 3,cr<yss region lOS by power sources V22 and 124. 
Voltage puiscr 12$ nxay fuiti>cr be connected to grid 106 
instead of pLatc 102, Altcmadvcly, any Jcnov/a mcihod of 
establishing cicdiic field Ej wititda rcgioa 108, of suffi- 
cient magmtuclc and durafion, may be used, Tfcds dcctcic 5 
field established wMun tfac first region 1^ &cts to 
acocicratc positively charged ions jxcscnt witiiin tiic region 
HS toward tbc loa detector 116, As previously st^atoi the- 
electric field coul<f be reversed to acockratc negatively 
diaigcd ions toward the detector 11-6, lo 

A third E>C power «oatcc 126 is connected to vcdtagc grid 
113 to st55)lyiflg a prcdctcnmncd DC voiCagc potential V3 
tfacrcta Although the vdtagc V3 on grid 113 may also be 
widdy varied, such as withia the range of -tZ-SO IcV for 
cxaitapilc, this Y<^tagc i&, in cpcnrfioii, tnatntamcd below tke ^ 
voltage oa grid IH so that a accotxd cicctdc field is 
established witfun icgioa 11# for fe&cr acodoating posi- 
tively charged ioas cntcting region 21^ towanf the detector 
11^, In one embodiment, the voltage on grid 113 is main- 
tained at approximately 12 kV, 20 

A fourth E>C power source 129 and a second v<toge 
palser 130 are connected to the <ictcctQr 116, In operation, 
tfac fourth DC power source 129 sialics a constant potcii- 
tial to the dctcctcr of suflScicnt magnitude to estab- 
lish an electric fidd E3 for further Accdcrati&g ions entering ^ 
region 118 toward the detector ll^i. Althougji the voltage V4 
on the detector U^may be widdy varied, such as within tfac 
range <^ i30 tV for example, is typically set at approxi- 
matdy -1.4 kV, In one embodiment^ vohage pulser 130, 
capacidvdy coupled to the detector throu^ a capadtoc ^ 
C2, supplies a voltage pulse to the detector 116 to mcxcasc 
the gain cf tiie dctccto: 116 f<x the duration of the pulse to 
^Eidlitate data cqmnre. la altonatzve a3^)odimects, odicr 
known methods of momcatacSy xnoeadng ^ gain of the 
detected m2^ be used to enhance data a^Cuce <x: data 
capftiremay be enhanced by prcvcntiiig, througji the use of 
pulsed ion deilccCocs, unwanted ions from rcadiing the 
dcXcctoc 

Finally, a laser 132 is focused on the sample source 1<M ^ 
for generating ions therefrom, locally, the laser is pulsed 
and it is assumed that ions are dcsocbcd from the saccule 
source 1#4 i^jon being stibjected to the laser radiation pulse. 
AidKHi^ a laser 132 is used to getterate &e ions in a ' 
prcf oxcd ctnbodixocQt, the j^escnt kvcotioa may be ascd ^ 
with systems css^kybig odier ioa geofifxtio!! jacthods as 

pbsma desoqjdoQ scc^NKbiy Wgdt^^ 

that used in secondary ion mass spectrometry (SIMS), 

electron bombardment and the like, ^ 

Icm timc^>f-fl^ withia aTOFMS, siKii as TOi^ 
is Qpkally mafecmaticdty jQwddcd l^r Ixcal^ 
fi^ path into a secies of segments, ddennining fbc ion 
fig^ tune within each s^mcnt, and then summiog &c fii^ 
times of the various segments to acivc at a total ioa fligjtf 55 
time, A variable number of s^ments m^ be used to 
mattonatically modd the fiigjit tunc in a timiO-of-JSigJat 
instrument In the cxang^e thai follows, die TCff^MS IW 
fi^padi is (^^c^a=n down into four sc^tsicnts cofic^)^ 
toie^ossl#$,ll^,H4attdHS.Ato3iativdy,f<xre3^^ ^ 
j^oa US cotild be ^idto bDsixa 4kiw^ 
extending between gdd 115 and the dotted li&e H9, and 
ie^«i 12^, extending between flic dotted line 119 and die 
surface 117 of the detector 11^, in which case die fiigfat path 
would have five s<^mcnts, ^ 

Using die four scgmci^ appnoadi, in aprefcnrcd anbodi- 
mcBt where power supplies 122, 124, 126, and 129 provide 
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DC voltages, tbc flight time of ions within region 10^ is 
a fuDcrioo of the compooent of the initial ion velocity along 
the tiight tube ^ixis (parallel to the electric fields B^-Ej) 
the velocity of the ions leaving rcgioa t0S v^ ajid the 
5 fiCceieratioQ strength of the doctric field Ej^ cstablLsbcd 
within region lOS. Thus 



30 



'iKv.-v^y^i ^ ' ^ (3). 

If is the position cf <i pardoiLsr ion generated from the 
san^lc source 104, then 



Sinulaity, the flight tiinc of ions within rcgioa HO is a 
funcdoa of Ifae vdodty of ions catoing rcgioa 110 v^^ the 
ydodty of ions leaving zegion lit and the ftccdcration 
strength of the electric field Ej established witfaia region 
mThas, 

where 



<5X 
(6) 



Furthcoaorc, the fiig^jt time t( of ions within region IIS is 
a fxmctiott of the vcioci^ of ions entering region IIS v^, the 
50 velocity of ions leaving region 118 v^ and the Acceleration 
strength of the electric field E3 established within region 
US. Thus, 



35 <r=<v,-vjy4j (7). 

where 

40 

Finally, since regicm 114 is an electric field free ion drift 
rcgiotu the ion flight time tj is a functioa only of Ihe ion 
vdodty V2 throu^ rc^on 114 and the length L of region 
114. Thus, 

45 

StiK:c the totd k>a fl^ tune wi&i^ ^ TOH^^ 
som d &e four flight time segmc&ts, the eqoatioo for d^e 
50 total flight tinwTwitfaiiiTOFMS Wis 



l^<«i.«2,«„dft4h<IftL,X*\,> 00)- 

Usii^ cquatioa (10), flac fimitatiQns o€ the pd<»- art sj>aoe 
focusing techisiqac described in fee bacJtgromid section can 
be readily understood. In in^lcmcnting the space focusing 
technique, the initial ion positi<Hi and inMal lOfl vdocity ate 
independent variables and the derivative of cquatioa (10) is 
taken w&h respect to initial ion positioa Xo, 

Setting e^ *ion (1 1) equal to zero, and leoogaiza;^ ttutt fee 
65 accdciartion terms are rdi^ to die voltage potential* 
values on plate 1^2 and grids 106 and 113 and detects 116 
via die well known rclationshj^s 
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and 



(12) 



whjcrc in is ion mass and q is ion ch^c, the ratio of clcSctiic 
£icl<ls can be <ictcnniiicd. By choosLog « value for a 
further paraincta; such as a desired loo velocity within fhc 
ioQ drift r^oii 114, it is icadily observed that the space 
focusing technique pcnnits only the relatively easy deter- 
mination of the voltages V^-V^, given a selected set of 
rcgplon distances d^-^s ^ is 

In coottast to the spatial focusing tedmique discussed 
above and tiie techniques ^^saxssrA in icf erencc to HG. 5 for 
reducing fee effects of initial ion velocity on mass spectral 
peak hcoadening, the present invention taixs advantage of 
the fact that, in many timc-of-fligjit instalments, dqwnding 
t^XMi the ion gcaoatioa geomctcy, Initial ion podtton is a 
fonction of initial ion vdodty. This ftmctioaal rclationsh^ 
can be exploited by dctcmaining the spatial-vdodty coarc- 
lation for the particuiar ion source geometry, substituting 
this cocrdation into the timc^rf-fligjit equation, such as ^ 
equation (1#) for TOFMS 14^^ to remove cither Xo Vq 
froGi equation (10), ts}dx^ the derivative of new equation 
(10) with respect to the remaining variable (cither or v^), 
setting this derivative equal to zero and s<^ving for the 
optimal instnunent parameters, AUcmatlvcly, new equation 3^ 
(10) can be employed numerically to identify optimal instru- 
ment parameters. This is done by considering variations in 
all instrument parameters that affect ion time of flight, and 
searching feose paiametcis that minimize the spread of 

times respect to diangcs In the xcmainiogvatiab^ ^ 
(either Xq <b:Vo)* In cither case, if the initial ion position and 
initial ion vdodiy arc coordirtcd, the spatial-vdod^ cor- 
relation focusing technique reduces the total number of 
indq>endent variables and independent distributions, and 
produces at least one additional adjustable parameter over ^ 
the spatial focusing technique which, if optimized, results in 
the simultaneous minimization of the effect onTOEMS mass 
resolution of the cosxdatcd initial ion position and y^Xodt^ 
distabutioas, 

Rcfcmng now to FIGS, 7-9, thc idatiooship between ion 
jpatiai and vdodQ^ distcibadons i<x throe altcniativc ioa 
«OQicc gc<uxic(xies will be dcsocS>ed. l&c xck^KHtal eq^. 
tioiis geacatc4 ty tficsc geometries nuty be 'dr^^ 
tuCcd into 4 ^Swr<£r^a^ eqoati(xi, sudi «s cqoatioa (10) for 
TOFMS to adiicvc sp(rfial-velodty coodation f^ 5q 
ing. 

Rcfexxing to HG. 7 spedff cally, the conffgtuation of FIG. 
^ is shown whcidn the san^e soonx^ 104 is disposed upon^ 
or ooexteodve widi, vohagepk^ lOZ, andions are desocbed 
by laser 132 in a direction peipendicuLar to voltage grid 106 
(paralid with dectric fidd E^), Widi the geomctcy dc FIG. 
7, initial ion position X<j within region 108 is related to die 
initial ion vdoc^ component along the flight tube axis, (Lc. 
papcodicuiar to grid IfQ v^ within rc^on 108 by the 
cquatioa ^ 



>^betc t is the dday txnte between the gc^cratiod of ioos at 
the san^e source 104 and comines<:emeot of the pulsed ion ^ 
drawout dectric fidd E^, cstaWi^cd via voltages and 
at jrfate 1^2 and grid 106, icspcctivefy. 
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Referring to FlG^ 8, an altcnxatc ioa source geometry is 
shwn Where the sznwlc so<iroc is disposed within region 
im at a disunc^ X, from plate 102, and ions are 
dcsofbcd by Laser 132 in a <lirection paraHei to grid 1^ 

5 (popcndioilar to electric ficW EJ. With tbe gcomeiiy of 
FIG. 6, initiAi ion position within r^on 108 is rcialcd to 
initial ion velocity cooipoDciit along the flight tube axis 

^ .within rc^oa 108 by the equation 
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15 



Xo=XcH^O ^^^^ 

Where X is ^aiJi the <JcUy time between the generation of 
ions 'at the san^e source and commeacancnt of the ioa 
pulsed drawout clectnc fidd E^, established via voltages 
and V, at tAatc lt2 and g^d 1^, rwpcctivdy, 

Rcfcning to na 9, anotheraltcmatc ioa source gcomctiy 
is shown &c &ang)lc source is disposed within re^on 
108 at a distance from plate 102, and the ions c<mtmu- 
ously flow in a direction parallel to grid 106 (peq)endicular 
^ to electric field El), The distance between the sample source 
104 and the point where ion accdetation begins is die 
distance D. In an alternative embodiment, neutral molecules 
continuously flow frcan sanq>ic source 104 to a distance D 
where they are ionized by laser light, electron impact 
^ some other ionization nv^ans. With the ge<Hnctiy of 

initial ion position within region 108 is rdatcd to initial ion 
velodty component along the flight tube axis Vo withm 
region 108 by the equation 

where v^ is the amplitude of the total vdodtj^ of the 
generated ions. Although equation 16 docs oot generate the 

35 new variable it does efifectivcty eliminate either the 
vdod^ or spatial distribution from equation 10 by substi- 
tution. . 

Using equations (10) and (14), an cxan^le of the denva- 
tivc method foe perfonning spatial-velocity coaelation 

^ focusmg withTOFMS 100 of FIG. 6 wiU be given. First 
equation (14) is solved for Xq and substituted into equation 
(10), resulting in 



45 T=fiC*i»*fr**»<^<^*^^^*'^ 

Equatikm iVI) K^ccscnts die ion timc-of-fligfit 

generated fiwa tfac saiE^Ic source 104, Atonalivdy/eqpia- 
53 ti<m(14)coaldliavcbc<msubsfitutcddir«^intocqa^oa 
(10) to adiicvc an cjqpcession foe ion fime-of-fiifijit within 
TOFMS 100 fiiat is indq>cndcci <tf the initial velodties of 
tiic ions generated fiom the samjde source 104. In any event 
t.v,'«g the derivative of cquadon (17) with re^ to imtial 
55 ionvdodty Voyidds 

<^*^ 

By setting equation ( IS) equal to zero and solving f or die 
m cpti£naldel^tinKibctwccagcaacatingi<Misfrom&^ 
source 104 and commmdng the pulsed drawout 
fiddEtCanbedctemiiicd.lftiicdciivativc<>fc^i^ 
isfiitfe€rtaiCTWithrcg)ecttoinitiali<m^od^v<H«fld 
e^ to zoKJ, tbc cpdmd vcita^ can be cfotaned for 
65 dcteninningdican:?>HtudcV^<3f&cfirstv6ltagcpulscrm 
Utaiziflg the optimal values for t and in the operation of 
TX)FMS 100, and optimizing the re m ainin g TOFMS 100 



13 



parameters, results to mlmmizing the time spread of the 
ni2.ss vc2,ks m the TOKMS roass specija 

In the alicrn^tc cmbodmiCDts discussed al>ove, tiic field Hj 
foay be lioa-icfo and even time dependent befcax the txznc x 
whcQ ion drawoct occurs. In these cas^, nmnjoical optimi- 5 
zatioG of instmmcnt paiajnctcrs for the purpose of minimiz- 
ijQg ion dmo-of-fiight spread 2ind opdmizmg mass spectral 
resolution my be prcfcircd, ^ " - . 

Rcfciring now to FKk 10, a system for implemcnfiiig the 
forcgoiag spatial-vclodty cocrclation focusuig tccfaniquc is lo 
showiL A TOFMS, sudi us TOFMS along with die 
nuctodmniicl plate detector arc ibc central cotiqxmcats 
of the system. AH foot of tfac DC power soaroes 122, 124, 
126 and 129 shown in HG- 6 arc iodudcd in &c power 
supi^l50bkK±wMdiiscoiuKCtcdtoIXM^l^ 15 
dctectcr 11 6. FIG, 6 should be coosolted for specific power 
supply connections. The power supply Wock 15^ is furtter 
a)nflcctcd to voltage palsccs 128 and 13# wfaidi are, in turn, 
connected to TOFMS 1«# and <Jctcctcff 11^ respectively, 
HG-<i should simEarfy be conail£ed^q)Ccffic connections 20 
of these daacnts. 

Laser 132 is, in a prcfoicd embodiment, a Quanta Ray 
r>CR-2 NdrYAG laser at 1.06 microns, althou^Ji the present 
inventioci contemplates using a variety of laser sonrccs 
ranging from the far-UV to the far-2R. Radtadon from laser 25 
132 is 6equcncy tripled by third hannonic generator 154 
bcfcarc being focused onto the sang^c source 144 within 
legioa 1^ of TOFMS m 

Laser 132 is further connected, cither at its Q-switcfa 
ou^t oc through a photodiodc thst monitors the laser light 30 
pulse, to a delay generator 152 which^ in turn is connected 
to voltage pulscrs 12S and 130, and wavefoon icocwicr 156, 
Altcmativcty^ a wavefooa recorder may be used that can 
leoord the entire time pedod frcHn the dcsocpdoa H^t poise 
to the acdval of macromolccuLar ions at the dctecto: This 35 
^rpe of wavcfoon reoordcf can be triggered ^sxxtiy by ibc 
laser. In opcratioa, km generation is sssamcd to occur at the 
time of ie laser light pulse, so that the delay time x 
determined from equation (18) is measured 6om the time of 
die laser pulse. As such, the delay generator 152 is psx>- 40 
grammed with the opdmal delay time % and is operable to 
trigger voltage pulscr 12S to thereby suppty the voltage Vp 
at the opdmal time x and with the optimal strength. Delay 
gcaerstor 152 Jtoher tdggcrs the voltage pulscr 130 and 
wavcf<Kmiecorderl56at«ddaycdtimc«fiEcrvolti^epalscr 45 
12SistdggardsothatthcdelcctxU6tndxcootxkrl56arc 
loopcdy pc^md for receiving data, ln 'n ppsSaxcd 
anb<x£meat, ^Sclay genciator 152 Is « Stinfoci Rcseatdi 
Systems I^dse Generator; altboagb odier ccm^ma^ 
sioa dday geoerstocs jcsy be used. 50 

Detector is further coonectoi to a s^od anq^i&:r 1^ 
viadu in turn, is connected to the wavefocm recorder 156l 
In prcfared embodiment, signal amplifier 15S is a LcCroy 
WIOIATB amplifier and waveform recorder 156 is a 
Biomation 6500 wavefocm ieocxdcc,aMK>ug^2 other con^^ 55 
rable angMcrs, rccosxte, and <figM2crs may be used, 

FinaHy, ^c output of the waveform rcccerder 156 is 
directed to a con^wter I6# fr<Ha wMch an oo^jut l^ can be 
obtainedin a varicfy of focmats^lnduding, for instance, bard 
copies, sa^dij|d^diskstorage,<I> ROM £toa^ ^ 
the£iQc;IiapEcfczxcdeti]3>odtmct^ 
con^jatible personal oHnputciv aMbougfi a vadcQr of conir 
pcitets znay be ssed, «tic£ as aiQr Qipe cf ^etsonal 
notebook ccHi^joticr, or IqMop ccm^witet; maio&anie or 
sctwod: con^otcr. 65 

Referring cow to FIG, 11^ a flow chart is shown for 
pcrfoonir^ ^jatial-vdodty corrdation focusing in a time- 
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of -flight instrument having an ion source geometry wherein 
the mitiai position ion disTnbution is 5 fuoction of the initial 
ion wdocity disliibutioQ. At step -an equation Is detcr- 
miaed for the time-of-flight of ioDs within the timc-of-fiight 
5 instrument The TOF equation is a fonction of imtial ion 
positioQ initial ion velocity distances traveled by the 
ions the various voltages sppRcd to the various grids 
within the timo-of-fiight iostnancnt for creating ion accel- 
erating electric fields, ion njass and dday tinac t bctw«Mrthe 
10 generation of ions within the instrument and the commcnoc- 
mcnt of ioa accdcrstiotL An cxamj^c of such an equation is 
gJvcG by equation (10) above, 

AIg<mthmc3Ccaitioa contiimcs at step 2A2 whac a scooad 
cquatioa is <3etcimincd, from the ion soaice gcomctiy, 
15 tdating Xg to At step 2M^ the second equation is 
substituted into the TX3F equation to dinuaatc cither Xq or 
Vq as a parameter of the TOF equation. 

In one embodmicnt of the prcseatiavcadoa, the algorithm 
continues fix)m step 204 to stq> 206 wfacnc initiai values fen: 
20 the pMmetcrs <^ the TOF equation of stq) 244 arc chosen. 
At stq> 2^, ion tirncs-of-flight ait calculated over a pre- 
dicted range of citfacr Xo Of Vo, ifcpendtng on whicfa cf these 
paramcta^ remains in the TOF equation of step 2W. 
PiPdfecably* the px^ctcd range of either <a: Vq has been 
23 expcriracntally <JctcnniEcd for the type of timc-of-fii^ 
insttunacnt bdng used, 

AIg<Miihm execution continues at step 21# where the 
variations in Vq of stq> 2^ are entered into theTOF equation 
of step 2W and the vatiatioas in the ion titncs-c^-fiigjit arc 
30 observed In a |Hcferrcd einbodimcnt, the tinie-of-flight 
variations are observed graj^cally. The observed spread in 
the timesK)f-fUght indicates the magnitude of the ion peak 
width that can be expected to occur in the experimcotal mass 
spcctctna. at step 2iX mimmal time spreads arc observed, 
3S the instnuBcat panurhctezs are saved at stc^ 214 and die 
algodlhm continues at step 216, The time spreads at step2i2 
arc considcicd to be mimmal if an improvenacnt m time 
spreads is observed over previous calctdated time spreads. 
If the inittumcnt paranictcrs were saved at step 214^ <ff if 
40 the observed time ^ead was not minimal at step 212, the 
current instrtmient operating parameters dioscn at step 246 
or 21S arc examined for poss&lc in^ovcmect in &c thcne 
sjHTcad, If no fittther ur^rovcmcnt in the time spread is 
deemed poss&le at step 216 by further varying tiie instru- 
45 meat paiamctecs, or if aU possible comhinati^ 

etcrs bavc beca ccmsidcred, the jlgocMist is coded at step 
22^^ Si-at step 216^ fottbcr in^vorancsit in csqpccM ^ 
titac ipo»d by vazyisg tbc Isstnmicat pBratosters, the 
instnimeat param^cts are vaded a&d aigod&m xe^^ 
50 to step 2dS. 

In an alteroate cmbodbzieflt of the |»esent lnveoti<Hi« the 
algorithm continues from step 244 at step 222 where initial 
values for aQ but three <^ ^epacametecs cfdtcTOF equation 
of stq> 244 are dios^ two destrod parameters Fl and F2, 
55 and cither Xq or Vo, dependii]^ t^>oa Avhidi of these latter 
two variables are present within the TOF equation. At step 
224, fee first and second derivatives of the TOF equstioti of 
step 204 arc tatei with respect to cither X<j <h: v<^ dcp«iding 
upon which of these variables is paiescnt in the TOF cqua- 
^ ti(^Atstep226,a.vaIoeisdioscaforXoOrVo,iH^et«tdy 
through cxpcruncntatioa. At step 228, the two derivatives 
arc set equal to zero. At step 234, the two simnUancoos 
dedvative equations of step 22S arc sdvcd for &e param^ 
ctcrs PI and P2. 
^ At step 232, the ststas d a soluticm to &c cquadous of • 
st^ 230 is tested. If no sokttioa to the simultaneous equa- 
tions <rf step 234 is found, alg<aithm execution continues at 
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step 242 If. at step 232, a solution to Ac sinwltancous 
Mualions of step 230 is fo^ixt the parameters Aoscn u, 
steps 222 atxJ 230 arc cn(crc4 iJ^to tJK TOF equation of sUtp 
2»4 and the variatioas in the ion times-of-flight generated 
by ;arialiocs in v„ or are obsavcd at step 234. The 
isoved spread in the timc^f-fliglit mdtcalcs ttc magm- 
wdc of fee ion p«k widifa ttol «B be cxpcciM to ocoff in 
the experimental mass spectoim. If, at step 23^, mmmd 
time spc«>ds are obsaved, the instramcnt paxainetcrs^^ 
saved at step 238 and the SlgOTithm coatiDUCs ^ step 240 
The tinie ^ strp 23<i arr considered to be mum^ 

if an imjXement in fee time spreads Is observed over 
ptcvioas calculated time spreads. . ^^^rvt ^if 

If fee Instnimcnt parameters weic sawed at stq) m « H 
fee observed tiine spread was not miniiMl at «^ 23d. ttw 
caircntiiistrunicntopcnctingparamctctsdiosca 
and 23« tfc cwniiiied for possfclc uiqxovcmcat la tte time 
spread by varying fee instnnncnt parameters at fepfW-" 
toptovemeat in fee time spread ^ deemed 
possible «tf stqi 24« by fortber vMymg fee mstramcitf 
Stfametos, of if aU possWc coinbinations of param^ » 
b^c been considered, fee algorithm is ended at step«4. I£ 
at stM 24*, tefeex improvement in expected m fee time 

sotead bv vaiying fee instrument paiamrtcts at step mc 
Sttumcnt parameters are varied and tbe algorithm rctu^ 
to step 224. In a prcfored embodiment, the parameters PI 25 
and P2 are dioscn to be fee time dcXayx and fee magnitude 

of the voltage 

As cccmi^^by the hashed line from stqp 218 to stqp 
222, and^ <Ushcd line from st^ 242 to step 24^, the two 

3Uy ^usivc. In other words, after traver^nig st^s 
TaLzU of the first algaithm embodiment, the algo^toi 
may cofltiBUC it stq> 222 than rcturniBg to ^ 
Sady, *ftcr trav«iBg steps 222-242 of tfac 
algqd<hm«mbodimcatdie«lgoatto 3^ 
2#6iatfacr than rctumii^ to step 224, 

Wifli any of tfac algodtfam cmfooduneats disa^ 
vadation of parameters may be aoconqjlishcdby considering 
an combinations of parameters, Alimiatively, a vancty 
optimizatioG methods, such as Simplex opdmizaUon, for 
«uiiQ3le, may be employed to guide the selecxion of param- ^ 

ctcrs. Parameter variatioa may also be based oa operator 
obscmtioa of the cal<uiiated spread inTOF. <h: 
OQ cj^xaimcitfal results, 

EXPERIMEKIALRESUOS 43 
Kcfaring now to HCS, 12-19, cqKdm^ 

lasalin (m/z 5733). Cytcicbromc^ <ia^ 
Iv»aEyine<infel43064a)andliy^^ 
^MAII)LInthesc«q>ain«aits^ 50 
totshown jnHa4 was uscd^isiwrdn a3 fls,355 nmUscr 
pulse was focused onto the aamfie i^KJt with a 15 cmfo<^ 
Ici^ q)hcncal kns at an inddca<x an^ <rf «?>P«^ 
SO decrees foHn tic mm «xts- Fower <S«»^<^^«^ 
ortoof 1-5 MW/cm^and pcesscre in theTOFMS was 55 
^jpixmmatdy l>d(r* tocr. 

Sample pctpai^cdoc consisted of diss<dving theprotcmsm 
distilled ddoflizcd wata: to conccafcrations <^ 1,67x10'^ 
Hie f enilic add matnx was diss^dvcd in neat cthanol to a 
conccntotioa<rfO,125M.Asan?acsd«tiottwasofatainedb^ 60 

Hffidng tfarcc parts pcotdn stod: soitition with two parts 
matrix soltrtioa Ibc final cooocotndons woe ^spffoxt- 
m£^y IxlCrti «nd_50 mM for ^iHotrin «^ iMtox, 
icspectivdy, Aliqaots of fee san^ soiation (5 nucccflitors) 
were fiien dqxmtcd on a stainless steel pcobc (san^c 65 
source 1*4) and allowed to air dry bcf<»e inseitiott into me 

TOFMSm 
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FIGS. 12-15 <iispky ton intcsisity versus timoof-fligfat 
data gcQcrafccd f<x the InsuiuQ sample, Cytodu-omc-c sample, 
Lysozymc sainplc, ssid TrypsLiiogca sample, respectively, 
usifig trailitioiiai MALDI tcchmqacs wherein the TOKMS 
5 100 was configured similar to the TOFMS 10 shown in HG- 
5. For the spectra of FIGS. 12-15, &Dd were .^^xroxi- 
matdy 30 kV and 0 V, respectively, was pulsed to -1.9 
kV at the time of data acquisitioa, M shown in FIG. 12, the 
Insulin had a peak width indicated by arrows 3^ and 302 of . 
10 approximately 1^ ns. As shown m FIG, 13, the 
Cytodiiome-c had a peak width, indicated fay airows 304 
and 306, of ^)proxiniatcIy 160 cs. As shown in FIG. 14, the 
Lysozymc had a peak widdi, indicated by arrows 30S aad 
31#, of sppcojdmstcfy 340 ns, finally, as shown in HG, IS, 
15 tfacIiypsiiK?gcahadapcakwidth,iadicatcdby ario^ 
and 314, of apprcndmatcly 340 ns. 

Rcfcmng aow to FIGS, 16 and IP, ion iatcasby versus 
tiHKMif-fiigJit data were again generated for the Xasolis 
fiaiE5)lc, Cytoduomc-c satt^Ic, Lysozymc sanqiic, and 
20 Tcypdnogen san^jlc, tcapecdvcly, using MALDI tcdmi^ 
wherein spatial-vdodty ccarelation focusing, in acootdancc 
wife the present invention, was pcafocincd to reduce ion 
peak broadening. 

In this parUcislsT case, the distances dj , L and were 
^ 12.05 mm, 1334 nun, 210.81 mm and 27.26 mm, lespcc- 
tivefy. 

For the XasnHn san5>le, the algorithm of FIG, U was 
employed to determine optimal operating conditions for 

^ TOFMS As a result, piste m and grid 1«6 were 
initialLy set at 15 kV, and after a delay time of 2,25 
microseconds, plate 102 was pulsed from 15 kV to 16,8 kV. 
Rate 113 was maintained at 12.06 kV. As a variation on the 
gcometiy d the dctcctca: 116, a grid was placed at the dotted 

25 line 119 shown in HG, ^, and was hddal ^coundpotentiaL 
The distance between tic grid 115 and the new grid 119 was 
22,06 mm. The dctcctcH: 116 was pdscd ficom -1-4 kV to 
—1.9 kV a pfcdetemined time period after the pulsing of 
plate 1(^. Tlic front sinfacc 117 of the detector 116 was 

^ located at a dhtmcc of 5,2 mm from grid 119. As shown in 
FIG. 16, the Insulm sample had a peak width, indicated by 
anws 4<W and of i^jproximately 12 ns. The iir^Movc- 
ment over the 160 ns peak of FIG. 12 xqpcescnts ^profxi- 
mately a 93% peak width reduction and is due to the 
spatial-vclodty correlation focusing techniques of the 
present Invention. 

For the Cytochrome-c sanqie, the algorithm of FIG. 11 
was sunliisiib^ cm^icycd to 4etenni&e optimal op^catlng 
coodidoiis for TOFMS 169. As a xesutt, plate 142 aad grid 

50 lf6wereinMaItysctatl5kV^aiidafteradd^tinieofd9 
inia»seoonds» plate 1<)S2 was pdscd from 15 kV to 1^437 
kV, Grid 113 was maintained at 125 kV, As dio wn in HG, 
17, ^ Cytoduomc-c san^le had a peak widths Indicated by 
a£xows444 aiid446, d 4$)pcaximatcly 12 as. Jhcimpsxfvc- 

55 ment over the 160 ns peak of HG. 13 represents ^jpcoxi- 
matdy a 93% peak width rcdocdoa and is due £0 &e 
spatial-veiodty correlation focusing techniques of the 
present invention 
For the Lysozyme sample, the alg<Kithm of FIG, 11 was 

60 similariy enjoyed to detcnmne optimal TOTMS 199 con- 
ditions. As a rcstik, plate 142 and gjid 146 wcic InltiaEy set 
at 15 kV; and afEer a dday dmc of 5jS soictoseccHids, plate 
142 waspdscd fKsn 15 kVto 163S6 KVL Grid 113 was 
maintaiiicd at 1L5 kV~and ^ detector 116 voUagc was 
€5 opastcd idcodcsRy as w^ fec"Cytocfar£Hne-c sample. As 
shown in FIG. 1^ , the Lysoayme saagdc had a peak width, 
indicated by arrows 4^ and 419, of approximately 12 ns. 
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The improranent over the 340 ns peak width of HG. 14 
represents approximately a 96% peak width reduction and is 
due to the spatial- vclodQr cocrclatiofl focusing tedmiques d 
the present invention. 

For the 'DOTsinogcn sanqjlc, the algorithm of FIG, 11 was 5 
once nbCHTC cn^Ioycd to d^cnnine optima! TOFMS 1^ 
conditions. As a result, plate 102 and grid 1$6 were inittaily 
set at 15 kV, and after a delay tinic of 6,7 microseconds, 
plate lt2 was pulsed from 15 kV to 16.9S1 kV. Grid 113 was 
maintained at 10^ kV and the detector 116 voltage was jq 
operated identically as with the previous two samples. As 
shown in FIG* 19» tfaeTrypsinogcn san^c also had a peak 
width, indicated by anows 412 and 414, of i^){KOxima£ciy 
12 ns. As with the previous saiiq)lc, the in^rovement over 
the 340 ns peak width of FIG< 15 represents i^^proximately 
a 96% peak width reduction and i s due to the spatial-velodty 
cQxrclation focusing tcdmiques of the present invention. 

In addition to die fact that the method of space vclociQ^ 
cocrciation focusing enables simultaneous ion spaJdal and 
V€^odty focusing, two additional advantages over the tradi- 20 
tioaai MALDI i^^pcoadi of using a hi^ DC ion diawout 
field accrue. First, in a hig^ ioa drawout field, variations in 
san^Ie moiphdpgy, that ocnrespond to variations in ^e 
locaticms at ¥^di ions are produced, and likewise to varia- 
tions in dcctrostatic potential at these pants of formation, 25 
lead to significant variations in ion time-of -flight Siacc with 
space velocity ccrrdation focusing, drawout electric fields 
are smaller, variations in electrostatic potential caused by 
variations in ion formation locations are smaller This, in 
conjunctiott witii the fact ^i»t ion times of fiigjit arc spatially 30 
focusscd, leads to cocrespoodingly smaller ion fii^t time 
variations. 

Second, in a DC ion draw<Mit fidd, as in the traditional 
MALDI i^Tproadi, variations is ion formation time in fiie 
source region lead directly to variations in measured ion 35 
flight times. However, widi pulsed ion drawout, ion flight 
time is n^easured with respect to the onset of the ion drawout 
pulse. Variatioas in ion fonnation time (that occur preceding 
the drawout pulse) lead to variations in ion position in the 
source region at the time of the ion drawout pulse that are 40 
spatially focusscd Consequently, observed ion flight time 
variations can be significantly small«- than variations in ion 
fonnation time. 

While the inventiott has been illustrated and described in 
detail in the drawings and foregoing descri^on, the same is 45 
to be considered as illustrative and not restrictive in 
diaractcr, it being understood that only the preferred 
embodiment has been shown and described and that all 
changes and modifications that come within ikc spirit of the 
invention are desired to be ptaiccicdL For cxani^le, the tarn 50 
**ion** in fee description of file preferred embodiment lilies 
equally to ions directly desorbed from a san^Jle surface and 
to neutrals desorbcd from a san^le surface and subsequently 
ionized. Ftnthermore, a timed electric field has been 
disclosed as being generated by api^ying a voltage pulse at ss 
f^ate 1#2 such that file voltage at fdate 102 is greater than the 
voltage at grid 1^ for the duration of the pulse. 
Alternatively, the electric fidd may be established by 
vaiying the potential apf^ed to grid 106. Hnally, the qwtial- 
velocity cccielation foctising tcdmiques described hexein <o 
ore applic^e to any time-c^-fii^t instmments herein ion 
dmes-of-fiight arc used to determine mass to daaige ratio 
and the sample source geometry indicates a functional 
relationship between initial ion position and initial ion 
veloci^. Thus, the present invention may bt used to hc^ove <5 
the mass resolution of reflectron TOFMS systems, <x sys- 
tems cn^lcying non-linear ma^ctic or dcctric fields, for 
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cxamlc Further i^Ucatioiis such as DNA and protdii 
scqucndBg, example, can be enhanced using the tedi- 
niques described herein. 

mse cxan^cs arc iUustrative of the spirit cf the present 
invention and other variations of the disclosed embodiments 
arer^ contcn^latcd, 

/what is claimed is: 
J 1 A method of operating a tunc-of-fiight mass 
spcrfromctcr, the spectrometer having a first region includ- 
ing a san^e source disposed Acrdn. and an ion detc<lor 
remote from the first n^on, &c method c«npmmg &e 
stq)S of: 

establishing a non-zoo field within Ac first rcgio n of the 
spectrtaneta:; 

gcncnrting ions ftom the sample source vdthin the first 
re^on; 

cstabUshing an ion accelerating field wiflun &c first 
region after establishing said non-zoo fidd thcrcm, 
said ion accelerating field accelerating said ions gen- 
erated withk the first region toward the ioo dctectOT; 

and 

detecting said accelerated i<Mis at the ion detector and 
determining thcr^OTi mass to charge ratios of said 
accdterated ions. , ^ 

2 The method of clahn 1 vrfiacin the accdcratmg stq> 
occursaprcdctcnniiied time period afto^gwioating step. 

3. The method of daim 2 \s*crcin the detecting step 
indudes the sbcps oft 

measuring timc-of-flight of the generated ions as elapsed 
time between accdcration the generated ions and 
arrival times <tf &e various acccloatcd ions at the ion 
d^ector; and 

d<:^cnnining mass-to-diarge ratios of the various accdcr- 
atcd ioDS firom the corresponding timc-of-fiight mea- 
surements. /5 ,J 

4yThc mefliod <rf daim 1 whodn said non-zero fidd is a 

no^^^cro dectric fidd, 

Amcthod of operating a timeK)f-fli^t mass spertrom- 
<itcr to minimize ddctcriou s cffecU d distributions m initial 
ion position and initial ion vdodty on the ion mass reso- 
lution of the spectrometer, said spectrometer induding a first 
region f «r genoating ions from a samjAe source dispo^ 
dicrdn and aa ion detcctca: remote from the fir st region, fee 
mdhod comprising the steps of: 
dctcrminii^ an equation fOT the time-<rf-flight of said i<His 
generated wi&in the first rc^on to the dctcct<^, said 
equatiott being a functioQ a sd of i<Mi variables 
indudii^ initial position distribution and initial vdoc- 
ity distribuaon of said ions generated within the fir^ 
region, said equation further beii^ a function of a set of 
spectrometer variables induding a time dday between 
generation <^ said ions within tiic first region and 
ap^icationof an ionaocclcratmg dectric fidd withm 
tbc first region for accdcrating said ions generated 
therein toward the d<^ec^; 
determining an optimum set <tf values for said spcctrom- 
ctovariables from said equation such that any decrease 
in mass resolution <^ the spectrometer <faie to effects of 
said ion variaWes thcre<Hi are mimnuzcd; 
generating said ions from the san^le source within the 

first re^n; and 
establishing an ion accdcrathig dectric fidd within the 
first region f^ accdeiating said ions gcncratcd^crdn 
toward Ae ion detector hi accMdance wifii said opti- 
nium set <rf vahies for said spectrometer variables. 
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6. The method d data. 5 whercia the sample source and 
the detector define a distance therebetween and said ion 
accelerating dectrtc field has an accelerating field strength 
associaled therewith; 

and wbexein said set d spectrometer variables further ^ 
indudes cither of the distance between the first r^on 
and the detecto: and the accdcrating field strength. 

7. The method of daim 5 forthcr induding the step oi 
cstaWishmg a non-zero dcctdc field within the first r^on 
prior to establishing said ion actxlcrating dcctric fidd 
thcrdn. 

8. The method of daim 7 wheidn the sample source and 
the detector define a distance therebetween, said ioa accd- 
crating dectric fidd has an accdcrating electric fidd 
strength associated tiiercwith, and the non-zero electric fidd 
has a non-zero dectric fidd strei^ associated thacwith; 

and wherein said set of spectronoeter variables finther 
indudes any of the distance betweea the £rst region 
and the detector, the accdcrating electric fidd strength 
and the non-zero dectric fidd strength. 
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9. The method cf claim 5 whadn the ions are generated 
fcom the san^e source within the first r^on via laser 
dcsoq)tiotL 

If. The method of claim 5 whereiQ a derivative of uid 
equation varies widdy with respect to a range of initial ion 
positions and wi& ie^>cct to a range of initial i<»i vdoddes. 

11. The method of daim If wherein tiie sample source 
and the detector define a distance therebetween and said ion 
accelerating electric field has an accelerating field strength 
associated dierewith; 

and whopein said set <rf spectrometer variables further 
includes eitbo: of the distance between &e first re^on 
and the detect<»- and the accelerating fidd strength. 

12, The method of daim 11 futtho^ including the stq> of 
estaMishing a non-zero dectric fidd within the first region 
pric^ to establishing said ion accderating dectric fidd 
thcrdn. 



1 Ji^ A method of nhtainitig ac curate mnlecniar weights bv matrix aspisted laser 

2 Hssnr ptinr/ioni^atior. time- o f-fiight mass spertrometrv bv delaying ioTi extraction loTig enough 

3 fnr a pinme of inns to dissipate such tb a f snhsfantiallv no energy loss is due tO COlhsionS. the 

4 Tpp^t^o^^ mmprising: 

5 a) a pplying a p otential to a sample holder: 

6 h^ a pplying a pptpntial to a fi r st element spaced apart fj-pm the Sample bolder whlch 

7 is siibstantia lly egnal to th e potential on the sample bolder: 

8 C) ionizing a sample proximate ly Hjsposed to the bolder tO form a c]oiid of ions with 

9 a laser whic h generates a pnlse of energy: 

I J 10 d) applying a second potenti a l to either tbe sample bolder or tO the Sample at a 

J 11 predetermined time subs e quent to steps a through C which: 

j;i 12 i) to gether with the potential on the first element, defines a SPCOUd electric 

'l^ 13 field between the sample holHer and tbe first dement: and 

;il 14 ii) extracts the ions after the p redetermined time, wherein the predetermined 

jij 15 time is long enough to a llow the cloud of ions to e x p and enough to 

1^ snhstantially ehminate the aHdition of excessive collisional energy tO the 

17 ions during ion extraction. 

18 

19 The method of r.laim ^^ fiirth er com prisin g tbe sten o f measuring the time of flight to a 

20 Hetector and caVnlating the m ass-to-charge ratio from the time of flight measurement. 
21 

22 15^ The method of claim 1.-^ w h erein the sample comprises a matrix subst a uce which absorbs 

23 radiation at a wavelength su b stantially corresponding to the pulse of energy, the matrix 



1 facilitating desorption and ionization of molecules. 
2 

3 ]A The method of claim 13 further comprising th e s tep o f a p p lyin g a potential to a s econd 

4 element spaced apart from the first el emen t wh ich, tog ethe r wi th the p otential on the first 

5 element, defines an electric field between the first and second elements for accelerating the ions. 
6 

7 IL The method of claim 13 wherein the sample comprises at least one compound of 

8 biological intere s t s elected from t he g roup consisting of D N A, R N A, polynucleotides and 

9 synthet ic va riants thereof 
10 

11 1^ The method of claim 1 3 wherein the sample comprises at least one biomolecule selected 

12 from t he g roup co nsi s ting of peptide s , proteins, PNA, carboh yd rate s , glycoconjugates and 

13 glyco p ro te ins. 
14 

15 A method of improving mass resolution in ti me- of -fli g ht mass spectrometry by 

16 com pensating for an initial velocity distribution of ions to at least second order comprising: 

17 a) applying a p o te ntial to a sample holder; 

18 h) applying a potential to a first element s paced apart from the sample holder which. 

19 together with a potential on the s ample holder define s an electric field between the 

20 sample holder and the first element; 

21 c) ionizing a sample proximately di s posed to the holder to form sample ions: 

22 d) applying a second potential to eith er the sam ple holder or the first element at a 

23 predetermined time subseq uent to steps a) and c) which together with the potential 



1 on the first element, d efine s a second el ec tr ic field be twe en th e s ample holder a nd 

2 the first element, and which extracts the ions froTn the first element after the 

3 predetermined time; and 

4 ^ energizing an ion reflector spaced a part fi:om th e first el ement. 

5 wherein the first and second electric fields an d the predetermined rime are chosen such 

6 that a flight rime of extracted ions of Hke ma ss-to-charg e ratio firom the reflector to a detector 

7 will be independent to second order of the initial velocity. 
8 

9 2£L The method of claim 1 9 wherein the first electric field in step b) is zero. 
10 

11 2L The method of claim 1 9 wh erein the fi rst el ectric field in step b) is nonzero and is 

12 operative spatially to separate ions by their mass prior to ion extraction. 
13 

14 22. The method of claim 1 9 w herein th e p o te ntial on th e fir s t element with respect to the 

15 potential of the sample holder is more positive for measuring positive ions and more negative for 

16 measuring ne g ati ve ions p rior to ion extraction. 
17 

18 22. The method of claim 19 further comp rising the ste p of applying a potential to a second 

19 element spaced between the first element and the reflector which creates an electri c field between 

20 the first and second el ements to a ccelerate the ions, 
21 

22 24. The method of claim 1 9 wh erein th e sample is iorii/ed by a laser producing a pulse of 

23 energy. 



1 25. The method of claim 1 9 wh erein the sa mple compri s es a matrix substan ce wh ich absorb s 

2 radiation at a wavelength substantially corresponding to the pulse of energ y , the matrix 

3 facilitating desorption and ionization of molecules, 
4 




US005712479A 
[11] Patent Number: 5,712,479 
[45] Date of Patent: Jan. 27, 1998 



4,694,167 9/1987 Payne ct ^ 25<V2«7 

5,160,S40 11/1992 Vestal 25<V2«7 

5^326 4/1996 Rally et al. 25<V2«7 

5^10,613 4/1996 Reflly ct al. 250/Z87 

Primary Examiner—Kiti T. Nguyen 

A/tonif); Ag^rnj; or Finn— Woodard, Emhanit, Naughton, 

Mcriaity & McNctt 

[57] ABSTRACT 

An apparatus and method for nunimiziag i<Hi peak width 
raeasuremcnts in a dmc-crf-fUlght mass spccttomctcx to 
thereby minimize the effects of initial ion position distribu- 
tions and initial ion velocity distributions on the mass 
rcsoluti<Mi of the spectrometer arc provided Where the ion 
source and ion generation geometries indicate a functional 
relationship between the initiai ion position and initial ion 
velocity, this rdationsh^ is substituted into the time-of- 
fii^^t equation and the instnmicnt paramctCTS arc thereafter 
optimized to achieve mioimization of ion peak width broad- 
ening. E3q)crimental results using MALDI indicate reduc- 
tions in ion peak widths of up to 96% over those obscn^ed 
with traditional MALDI techniques. 



12 Oalrns, 1« Drawing Sheets 




U.S. Patent 



Jan. 27, 1998 Sheet 1 of 10 5,712,479 





U.S. Patent 



Jan- 27, 1998 



Sheet 2 of 10 



5,712,479 




U.S. Patent 



Jan. 27, 1998 



Sheet 3 of 10 



5,712,479 



Signal _S 
Processor 



Power source /J 



Power source iZ 




122 



Power source it 



128 



4 

U.S. Patent 



Jan. 27, 1998 Sheet 4 of 10 5,712,479 



Fig. 7 



Fig. 8 



Fig.9 



106 



r 



108 









c 





ion flight 



102 



7 



T 

i 



desorption 



sample 
source io4 



106 

I 



108 



ion flight 



^7 



102 



7 



T 

i 



desorption 

-sample 
source io4 



ion flight 




continuous 
desorption 
or flow 

sample 
source 104 



U.S. Patent 



Jan. 27, 1998 



Sheet 5 of 10 



5,712,479 



Computer 



160 



Waveform 
Recorder 



156 



Output 



162 



Fig. 10 



158 



Amplifier 



100 

Li 

132 



130 



116 



Microcfionne! Plate 
Detector 

Mass Spectrometer \ 



Mage 
Pulser 



light 



tld:YAG 
Laser 




150 



71 



128 



Powef 
Supplies 



Jed 
HG 



Voltage 
Pulser 



154 



152 

A 



Delay Generator 



U.S. Patent Jan. 27, ms 



Sheet 6 of 10 



5,712,479 



Detemiine bn TOP equation os a 
fundwn of Xo, Vo. Distances, Voltages, 
ddoy Gme. and moss. 



I 



Oetemiine, from geometry, the reJotionship 
between Xo Gui 

I 



206 
I 



Combwe these equations to diminote cither 
Xo or Vo OS 0 parameter from the TOF equotioti. 



200 
'202 
-^204 



222 



Select 0 set of instrument 
operafing porom eters. 



Calcuiote m TOF for o 
relevant rQi>ge of Vq's. 

I 



208 
J 
210 



Select oil M three 

-T , insbument parameters,^ 

' {PI. P2, and Vo(or Xo)). 



Otjserve sprcod in TOf 
over selected range of Vo's. 




214 

1 



Save paromet^ 



220 



End 



-218 



Vory originally established 
operafang porcmcters. 



L I 



Fig. 11 



Take the first and second derivatives 
of the TOF equation inth respect to 
Vo(or Xo). 

1 



\ Choose 0 value f or Vo(or Xp). 
i zzz^ 



Set tfie iwo <fcrivatives 
equal to zero. 



T 



-224 

-226 
228 



Solve the resulting two simuttoneous 
equations for PI end P2. 



230 




Obsecve spreod in TOF 
over seleded ronge of Vo*s, 



Scve pcycmetefs 




Vary odgSnolly e^cbltshed 
operating poFamders. 



t 

1 



as. Patent 



Jan. 27, 1998 Sheet 7 of 10 



5,712,479 




9.0 9.2 9.4 9.6 9.8 10.0 10.2 10.4 10.6 10.8 11.0 

Time of Flight (microseconds) 




Time of Flight (microseconds) 



U,S. Patent 



Jan. 27, 1998 



Sheet 8 of 10 



5,712,479 





Time of Flight (microseconds) 



U.S. Patent 



Apr. 23, 1996 Sheet 9 of 10 



5,510 



100 
90 
80 
70 
60 
50 
40 
SO 
20 
10 
0 



Fig. 16 



400- 



402 



24.0 242 24.4 246 24.8 25.0 252 25.4 25.6 25.8 26.0 26.2 

Time of Flight (microseconds) 




39.6 39.8 40.0 40.2 40.4 40.6 40.8 41.0 41.2 41.4 41.6 

Time of Flight (microseconds) 



U.S. Patent 



Jan. 27, 1998 



Sheet 10 of 10 



5,712,479 



"to 
c 

> 
<D 



800 f- 

700 

600 

600 

400 

300 

200 



100 
0 




40.0 40.2 40.4 40.6 40.8 41.0 41.2 41.4 41.6 41.8 42.0 422 

Time of Flight (microseconds) 



500 



400 
<D 300 



> 



200 



100 




46.6 46.8 47.0 47.2 47.4 47.6 47.8 48.0 48.2 48.4 48.6 48.8 

Time of Flight (microseconds) 



PTO/SB/51 (12-97) 
Approved for use through 9/30/00. 0MB 0651-0033 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a cottection of information unless it dtsptays a vaKd 0MB control number. 



REISSUE APPLICATION DECLARATION BY THE INVENTOR 



Docket Number (Optional) 
140-035 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are stated below next to my name. 

1 believe ! am the original, first and sole inventor (if only one name is listed below) or an original, first 

and joint inventor (If plural names are listed below) of the subject matter which is described and claimed 

in patent number 5,712,479 , granted January 27, 1998 , and for which a 

reissue patent is sought on the invention entitled SPATIAL-VELOCITY CORRELATION FOCUSING 

IN TIME-OF-FLIGHT MASS SPECTROMETRY ^ 

the specification of which 

E] is attached hereto. 

Q was filed on as reissue application number / 

and was amended on . 

(If applicable) 

I have reviewed and understand the contents of the above identified specification, including the claims, 
as amended by any amendment referred to above. 

I acknowledge the duty to disclose infonnation which is material to patentability as defined in 
37 CFR1.56. 

1 verily believe the original patent to be wholly or partly inoperative or invalid, for the reasons described 
below. (Check all boxes that apply.) 

n by reason of a defective specification or drawing . 
^ |X] by reason of the patentee claiming more or less than he had the right to claim in the patent. 
n by reason of other errors. 

At least one error upon which reissue is based is described as follows: 

Subject matter described in the specification as originally filed was 
mistakenly omitted from the claims. 

New claims 13 through 25, which have been copied from Vestal et al. U.S. 
Patent No. 5,760,393, which issued on June 2, 1998, are also fully 
supported by the specification as originally filed. 
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Docket Number (Optional) 
140-035 


All errors corrected ir> this reissue application arose without any deceptive intention on the part of the 
applicant. As a named inventor, 1 hereby appoint the following attomey(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and Trademark Office connected therewith. 




Name(s) 




Registration Number 






John W. Olivo Jr., Esq* 35,634 








John F. Ward, Esq. 33,811 




















Correspondence Address: Direct all communications about the application to: 


Place Customer Number Bar 
Code Label here 




n Customer Number 






OR 




Type Customer Number here 


















rrri Finm or 

yy Individual Name 


Ward & Olivo 


Address 


708 Third Avenue 


Address 




City 


New York 


State NY ZIP 10017 




Country 


USA 


Telephone 


(212) 697-6262 


Fax (212) 972-5866 




1 hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on infomnation and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine and imprisonment, 
or both, under 1 8 U.S.C, 1 001 . and that such willful false statements may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which this declaration is directed. 


Full name of sole or first inventor (given name, family name) 
James P. Reilly 


Inventor's signature 


Residence 


Date 


Post Office Address 


Citizenship 


Full name of second joint inventor (given name, family name) 






Steven M. Colby 










Inventor's signature 


Date 


Residence 


Citizenship 


Post Office Address 


Full name of third joint inventor (given name, family name) 
Timothy B. King 


Inventor's signature 


Date 


Residence 


Citizenship 


Post Office Address 


1 1 Additional joint Inventors are named on separately numbered sheets attached hereto. 
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